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severely altered by metamorphism (1). The most promising terrain for such studies is that of the Pilbara Block of northwestern Western Australia, a region underlain by a 30-km-thick sequence of relatively well-preserved sedimentary and volcanic rocks that are -3000 to -3500 million years old (Fig.  1) . From this region, I describe a diverse assemblage of filamentous microbial fossils detected in the Early Archean (-3465 million years old) Apex chert, cellular prokaryotes more than 1300 million years older than any comparable suite of fossils previously reported from the geologic record. Microfossils were first discovered in this deposit in 1986 (2); in a preliminary account, three taxa were identified (3). The eight additional species described here demonstrate that the Early Archean biota was more diverse than previously known (3, 4), provide new understanding of the evolutionary status of early evolving microorganisms, and suggest that cyanobacterial oxygen-producing photosynthesizers may have already been extant this early in Earth history. The Archean fossil record. Unlike that of the later Precambrian Proterozoic (5), the fossil record of the Archean is minuscule; few fossils have been detected and their study has been plagued by misinterpretation and questionable results (4). In order to establish the authenticity of Archean microfossils, five principal criteria must be satisfied (3). The putative microfossils must (i) occur in rocks of known provenance and (ii) established Archean age; (iii) be demonstrably indigenous to and (iv) syngenetic with the primary deposition of the enclosing rock; and (v) be of assured biological origin. All but a few of the microfossil-like objects reported from Archean sediments have failed to meet one or more of these requirements (3, 4). Among recent such examples was the discovery of authentic microfossils in rocks evidently belonging to the Early Archean Warrawoona Group of Australia (6), a report unconfirmed because it has not proved possible to relocate the geologic source of the fossiliferous samples (3). Similarly, because of their simple morphology, solitary unicell-like spheroids reported from several Archean units (7, 8) are best considered to be possibly rather than assuredly biogenic (3, 4 Fig. 1) (15) . A minimum age for the fossiliferous rocks of -3460 Ma is provided by a U-Pb zircon date of 3458 + 1.9 Ma for the immediately overlying Panorama Formation (Fig. 1) (15) . Thus, the age of the fossiliferous Apex chert is evidently about 3465 Ma.
The Apex microfossils occur in bedded chert collected from outcrops near Chinaman Creek and -12 km west of the town of Marble Bar (Fig. 2) in an area of Western Australia that has been geologically Eleven taxa (Table 1) of filamentous, dark brown to black carbonaceous microfossils, including eight new species (see appendix), have been identified in the deposit. Solitary unicell-like spheroids of possible but uncertain biological origin also occur (Fig. 5, K and L) . The assured fossils occur as irregularly distributed and randomly oriented solitary filaments (Fig. 3B) surrounded by more or less homogeneous brown to dark brown kerogen. The kerogen is flocculent and composed of very fine (<0.3 ,um) particles, which might originally have been mucilaginous. Single taxa (especially, Primaevifilum minutum, n. sp.; P. laticellulosum, n. sp.; and P. attenuatum, n. sp.) or particular pairs or groups of taxa (for example, P. delicatulum and Archaeoscillatoriopsis disciformis, n. gen., n. sp.; or P. delicatulum, P. amoenum, and P. conicoterminatum) tend to predominate in individual clasts. Although possibly representing a benthic microbial community that was loosely organized and embedded in mucilage, the filaments exhibit neither the subparallel orientation nor the laminar organization typical of most stromatolitic microbiotas (16). Microfossils have not been detected in stromatolite-like laminated clasts that also occur in the unit (Fig. 3C) .
In comparison with permineralized microbiotas from the later Precambrian (16), the Apex assemblage is highly carbonized and poorly preserved. Of the thousands of fragments of cellular filaments detected in the deposit (by examination of a total area of -450 cm2 of 150-gum-thick petrographic thin sections), less than 1 percent are sufficiently preserved to warrant detailed study and formal description. Such alteration makes taxonomic delineation difficult. However, like modem filamentous microbes (17, 18), members of discrete size classes of relatively well-preserved Apex filaments exhibit taxonomically useful limited ranges of consistently co-occurring ter- A). (A, B, C, and D) and (F, G, H, and 1) Fig. 3, D and E) to  19.5 p.m (Fig. 5F ) and average -5.0 p.m (Table 1) . Modem filamentous bacteria tend to be quite narrow, predominantly < 1.5 p.m in diameter, whereas most oscillatoriacean trichomes are notably broader (Fig. 6) . On the basis of morphometric analyses of more than 500 taxa of modem filamentous microbes, I have suggested that fossil septate filaments <1.5 p.m wide be regarded as "probable bacteria," those 1.5 p.m to 3.5 pum wide as (undifferentiated) "prokaryotes," and those >3.5 p.m broad as "probable cyanobacteria" (23). Applying these criteria to the Apex fossils, I interpret two taxa (Archaeotrichion septatum, n. sp., and Eoleptonena apex, n. sp.) as probable bacteria; two taxa (Primaevifilum minutum, n. sp., and P. delicatulum) as either bacteria or cyanobacteria; and the remaining seven species, nearly two-thirds of the taxa (and -63 percent of measured specimens) as probable cyanobacteria.
Because the size ranges of filamentous bacteria and cyanobacteria overlap (Fig. 6) , the suggested affinities are not absolute. Nevertheless, the pattern of size distribution exhibited by the Apex assemblage is more like that of modem oscillatoriaceans than of noncyanobacterial prokaryotes (Fig.  6) . Furthermore, several of the Apex taxa, particularly those with broad trichomes (Primaevifilum latice11ulosum, n. sp.; Archaeoscillatoriopsis grandis, n. gen., n. sp.; and A. maxima, n. gen., n. sp.), differ in cell size from almost all bacteria but are essentially indistinguishable from specific oscillatoriaceans, both Proterozoic (Oscillatoriopsis spp.) and modem (Oscillatorna spp.). If the Apex filaments had been discovered in later Precambrian sediments, in which fossil oscillatoriaceans are well known and relatively widespread (23), or if they had been detected in a modem microbial community and morphology were the only criterion by which to infer biological relationships, the majority would be interpreted as oscillatoriacean cyanobacteria. However, because the affinities of these fossils in the Procaryotae cannot be demonstrated unequivocally, I formally describe them as "prokaryotes Incertae Sedis"; and because the phylogenetic relations between them and the much (1300 to 2800 million years) younger, predominantly cyanobacterial fossil taxa to which they bear specific resemblance are therefore undetermined, they have not been referred to previously described Proterozoic species (see appendix).
Evolutionary implications. additional lines of evidence, however, are not conclusive; all but the latter, which necessarily incorporates model-dependent uncertainties, would be equally consistent with the presence of solely anoxic bacterial photosynthesizers (3). Moreover, it is conceivable that the extemal similarity of the Apex microorganisms to younger oxygenproducing oscillatoriaceans masks significant differences of internal biochemical machinery (27); thus, their morphology may provide a weak basis on which to infer paleophysiology. To address this issue, additional data are needed regarding the ecology and community structure of the Apex assemblage and the evolutionary relations that link these prokaryotes to the later, relatively well-documented Precambrian fossil record. Whether or not 02-producing photoautotrophs are represented among the Apex fossils, the morphological diversity of the assemblage is striking. In particular, the Apex filaments exhibit a greater range of diameters than those reported from all but 7 of the 70 other septate filament-containing Precambrian units known [ Fig. 7 and  data in (22, 23, 28) ]. Because filament diameter is a principal taxonomic character for such microorganisms (17, 18), the assemblage is notable also for its taxonomic diversity. The Apex assemblage is more diverse taxonomically than 92 percent of the 126 other septate filament-containing or tubular sheath-containing Precambrian assemblages known, and is more than twice as diverse as the average diversity (-5 taxa per formation) of all such assemblages (22, 28). Evidently, cellular filamentous microbes originated and diversified early in Earth's history and have subsequently exhibited an exceedingly slow, hypobradytelic (27) rate of morphological evolution. The Apex microfossils thus provide a glimpse of the diversity and evolutionary status of Early Archean life, a primitive microbial biota having evolutionary roots that must predate, perhaps substantially, -3465 Ma. .. . ............................. . ... ........... Archaeotrichion septatum, n. sp. (Fig. 3, D Fig.  3D ). Type specimen: Trichome in Fig. 3D . Remarks: The type species (A. contortum), first described from the -850-million-year-old Bitter Springs Formation of central Australia (30), was established to include nonseptate threadlike filaments 0.5 to 0.7 [Lm in diameter. Although identical in diameter, well-preserved specimens of A. septatum are cellular (Fig. 3D) .
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Genus Eoleptonema Schopf, 1983 (6).
Type species: Eoleptonema australicum Schopf, 1983 (6).
Eoleptonema apex, n. sp. (Fig. 3F ; (Fig. 5, A to C) .
Primaevifilum attenuatum, n. sp. (Fig. 5G ; Table 1 ).
Diagnosis: Uniseriate unbranched trichomes, apparently not ensheathed, having the characteristics specified in Table 1 Archaeoscillatoriopsis disciformis, n. gen., n. sp. (Fig. 3, L to 0 Archaeoscillatoriopsis maxima, n. gen., n. sp. (Fig. 5F; Table 1) .
Diagnosis: As for the genus, having the characteristics specified in Table 1 
